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The suggestion has been made  that lobar pneumonia  is primarily 
a  blood infection and  the local process in the lung  is but part  of a 
generalized  condition.  This  view  arose  from  the  discovery  that 
the  pneumococcus  may  at  times  appear  in  the  circulating  blood of 
persons  suffering  from  pneumonia.  Reports  in  recent  years  have 
varied considerably as to the  frequency with which it is possible to 
obtain  the  pneumococcus  from  the  blood.  Some  observers  have 
obtained positive cultures in from 20 to 40 per cent.  of cases exam- 
ined  and,  as they were the more  severe cases,  they  think  the  pres- 
ence of the pneumococcus in the blood is of bad prognostic import. 
Others,  claiming  a  more  suitable  technique,  have  found  the  pneu- 
mococcus in the blood during pneumonia  with great constancy,  and 
attach  very  little  prognostic  significance  to  its  presence.  It  has 
been stated  that the organisms  may be present in considerable num- 
bers, especially in fatal cases, and Fr~in.kel 1 mentions a case in which 
cultures  from the blood during life yielded 2,700 colonies per cubic 
centimeter  of blood. 
In thirty-seven  cases of lobar pneumonia  studied in this hospital, 
the  pneumococcus  was  not  found  constantly  present  in  the  blood. 
In those cases in which  a  positive culture  was  obtained,  the  course 
of  the  infection  was  invariably  severe  and  in  most  instances  ter- 
minated  fatally.  Studies  of inflammation  have  shown  that  micro- 
* Received for  publication, August  I,  1912. 
1Fr~nkel, A. A., Internationale Beitriige zu innere Medizin, Berlin, 19o2,  ii, xo3. 
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organisms  in  the  early  stages  of  the  process  are  taken  up  by 
the  lymphatics  and  are  passed  through  them  to  the  adjacent 
lymph  glands.  As  the  inflammatory  process  progresses,  the 
lymph  glands  swell,  the  lymphatic  sinuses  become  packed  with 
cells,  and  the  gland  in  this  way  functions  as  a  bacterial  filter. 
That  pneumococci  may  pass  the  barrier  of  lymphatic  glands 
in  the  early stages  of  pneumonia  and  in  this  manner  reach  the 
circulation is  not unlikely.  The  majority, however, are  probably 
destroyed  rapidly  and  never  develop  sufficiently  to  be  readily 
demonstrable  in  cultures  from  the  blood.  Some,  having  gained 
access,  may grow slowly for a  time and then disappear,  or as  the 
body  defenses become weakened by  intoxication,  they may  mul- 
tiply  rapidly  and  cause  the  death  of  the  individual.  In  certain 
cases  of  pneumonia,  it  seems that  the  pneumococci either invade 
the blood in large numbers or else,  having arrived there, grow so 
actively that death ensues from septicemia before any considerable 
area of lung has become involved.  The possibility must be borne 
in mind that invasion of the blood may not occur by way of lym~ 
phatic channels alone, but that vessel walls may become so injured 
by bacterial products that direct extension of the infection through 
them into the blood stream arises.  However the organisms may get 
into the blood, the important question is whether, once having gotten 
there, they are able to develop.  As long as  the number of pneu- 
mococci in the blood is inconsiderable, probably no great harm re- 
sults,  but as soon as they begin to grow actively, the condition is a 
far more serious menace to the life of the individual than the local 
process in the lung. 
CASES STUDIED. 
In  the  following  cases  blood  was  obtained  for  the  culture  by 
venous puncture.  Usually about 5 cubic centimeters of blood were 
added to  a  flask containing from  75  to  125  cubic  centimeters of 
bouillon prepared from fresh meat,  to which from 20 to 25  cubic 
centimeters of  normal  sodium  hydrate per  liter  had  been  added. 
Pneumococcus  grows  luxuriantly  and  without  difficulty  in  this 
medium.  Repeated cultures were made from the  same individual 
in many cases and in some instances solid cultures were prepared in 682  Occurre~ce  of Pneumococci in the  Circulating  Blood. 
order to determine the number of pneumococci per cubic centimeter 
of blood. 
Among  the  thirty-seven cases  detailed in  table  I,  pneumococci 
were present  in the blood at some stage of the disease in eighteen 
instances,  approximately in  50  per  cent.  of  the  cases.  Of  these 
eighteen cases,  fourteen, or  77  per  cent., were  fatal,  whereas  four 
cases  recovered.  Of  the  nineteen  cases  in  which  blood  cultures 
were negative, fifteen, or 79 per cent., recovered and four died.  The 
patients were chiefly persons of a low social class, and many of them 
were habitual users of alcohol.  The total mortality was unusually 
high,  48  per  cent.,  and  of  the  total  number  of  fatal  cases  the 
pneumococcus was isolated from the blood in 77 per cent.  In four 
instances the  first blood  culture  was  negative  and  subsequent  cul- 
tures at a later stage of the disease showed the presence of the pneu- 
mococcus.  In  the  majority of  instances, where  a  positive culture 
was obtained, the number of bacteria per cubic centimeter of blood 
was  estimated  from  solid  cultures.  The  counts,  as  a  rule,  were 
extraordinarily high shortly before or at the time of death, showing 
thousands  of  colonies.  The  extent  of  the  local  disease  was  not 
ah,vays  comparable  to  the  severity of  blood  invasion,  and  in  two 
instances seemed inconspicuous.  In two fatal cases where low bac- 
terial counts were obtained from the blood, the local process  in the 
lung  spread  with  great  rapidity.  In  case  XV  there  were  IO,OOO 
pneumococci  per  cubic  centimeter of blood  on  the  fourth  day  of 
the disease.  The highest count obtained was in case XXXVII, being 
65,ooo colonies per  cubic centimeter of blood  obtained at the time 
of death on the eighth day of disease.  Of the four fatal cases with- 
out positive blood cultures, one died of nephritis after the subsidence 
of  the  pneumonia,  and  three  showed a  spreading  infection in the 
lungs.  Of the nineteen cases that recovered, four had pneumoeocci 
in the blood, and in fifteen the blood cultures were negative.  The 
course of the disease in the  four cases  with positive blood cultures 
was severe in three instances and moderate in one.  In two of the 
cases  the  pneumococcus isolated  from the blood  was  avirulent,  in 
one it killed animals slowly, and in the other was of high virulence. 
In recovered cases XXXIV and XXXVI,  successive counts of the 
bacteria  in  the  blood  were  made.  The  maximum  count  in  case dis~te. 
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Mild thf~tion  with indefinite  Iocal[zlng  signs in 
the  right lower lobe. 
4  Se~re  lof~tion  involving  the left  low~  lobe. 
Patient  died of post-pneumoni¢  nephritis on 
the 45th day after the o~et of pneumonia. 
Mild infection involving the  left  lower lobe. 
:No complication.  Cult~e ~de  during lysis. 
Mild infection involving a  portion of the left 
lower lobe.  Con~le~  uncomp]i~ted. 
A I  veryob~ severe  inf~tlon involving both  lower 
o  ~  Con-mleseen~ nor~L 
A  mild iMeetion involving the left lower  lobe. 
Con~isscea~ norm1. 
x  A  very  ~v~e  infection involving both  lower 
lobes.  Convais~n~ un~mpli~ted. 
A  ~vere, rapidly spreading  iM~tion  involving 
su~ssi~ly  the  left lower,  left upper)  and 
right lower lobes.  Post-operative  pneumonia. 
A ~vere infection involving the left lower lobe. 
At autopsy,  ~ven hours after death, the blood 
contained  about  I5,O00  pneumococvi  per 
cubic ~ntimeter. 
7th  A  v~y  severe  inf~tion  involving the  whole 
right lung. 
3  d  Mild lnfeetioa without frank con~lidation. 
/oth  A very ~vere inf~tion involving first the right 
lower  lobe and extending to the right middle 
and  upper  lobes  on  the  ninth  day  of  the 
disease. 
4th  Infection  very  ~vere.  Lung  slg~  not  con- 
spicuous,  partial  con~lidadon  of  the  left 
lower  lobe  on the ~ond  day, and beginning 
involvement of the right lo~r  on the fourth 
day.  Ten hour~ before  d~th tile bl~d ~n- 
tai~d to,coo pneum~occi per e.c. 
7th  Patient's  ~ndition  g~d  throughout  course 
of disuse,  Developed  ~rofibri~us pleurisy 
dut~g convaae~ence.  Cultures from pisural 
fluid sterile. 
5th  ~eve~  infeetlon  involving entire  right  Iung. 
Blood  at  autopsy twenty  hours a~ter  death 
contained about 5o,ooo  pueumo~i  per c,c. 
6th  The irdeetion was a  very ~vere one.  involving 
first the I~er right lobe and fin~dly extending 
to  the  right middle and  upper  lob~,  and 
involving the posterior t~  thirds of the left 
lower lobe,  The  cultures  at  autopsy  we~ 
from the beret's bl~d. 
8th  Very ~vere,  spreading infection involving first 
the right lo~r, then right middle Iobes and 
extending on the sixth day to the left lower 
lobe.  The organism i~tated fror  the blood 
w~ Pneu~0ccus m~s~s. 
6th  Patient admltted with involvem  ~nt nf left lower 
lobe.  The  condition  remained  good  until 
the fifth  day,  the time of  the first positive 
blood culture.  Condition then became rap- 
idly  worse,  de~th  oceu~log  thirty  hours 
later.  The  number  of  pneum~o~i  in  the 
blood a few hours before death was estimated 
at more than i,ooo per e,e. 
7th  Moderately  ~vere  infection,  invol~qng  left 
lower lobe.  Conva]es~u~ un~mpli~bed. 
~emed to spr~d throughout this  lobe slowly. 
8Oh  Cour~  of  di~a~  severe,  Infection  involved 
app~ently  only  right  middle  lobe  and 
Convale~ence  un~mplicated. 
dth Moderately ~vere inf~tion, involving the right 
upper  lobe.  P~udocrlsls  on  the  fifth  day. 
Con~isscence normal. 
6th  Severe  infection  involving  right  lower  and 
the  right lower and  middle lobes,  and  ex- 
middle lobe~.  Blood  six hours  before  d~th 
ntained  15,ooo  colonies  of  pneumoeoccus 
cc. 
7th  Very severe,  spreading infecdon,  involving firs~ 
[  ~ending  on the fifth day throughout the left 
lower  lobe.  The  bled at the time of d~th  I 
[  ~ntained S.ooo ~]onies per co. 
:The  lesion  in tile lungs declared  itself slowly, 
complete  con~lJdation of the righL upper and 
middle lobes,  with ~me  sig~s  in  the  righu 
lower  lobe  only  beaming  definite  on  the 
eleventh  day  of  the  di~,  A  bouillon 
]  culture on  the  s xth day of  llsease  yielded 
pure  pneumococcus.  Plates  on  the  eighth 
day  showed  2,900  colonies  of  mixed pnen- 
mocoecus  and  Staphyloco*cus  aIbus  per c,c. 
of blood.  On the tenth day there ~ere  ~45 
colonies  of  pure  pneumococcus,  and  on the 
eleventh day I5.ooo colonies  per e.e.  of  blood. 
% very ~vere infection  involving fixst the lelt 
lower  lobe,  spreading rapidly front  the fifth 
to the sixth day to the left upper~ right lower, 
and  right upper  lobes.  Degi~ of  involve- 
ment  dete~ined  at  autopsy'.  On  the 
seventh  day  of  di~e,  plates  yielded  i2  5 
colonies of pneumococcus  per c.c. of blood 
Were  infection  first involving the left lower 
lobe,  extending on the sixth day throughout 
a  large  p~t  of  the  left upper lobe  Con- 
valescence  un~mplieated. 
Moderate  infection involving  left lower  lobe. 
No compfi~rions. 
Moderately severe infection involving the fight 
lower lobe.  Convale~n~  uneompli~ted. 
Very sev~e infection  involving the right upper 
and middle lobes.  Plates on the fifth  dly of 
rno~ccus per c.c.  of  bl~d. 
the  di~a~  yielded 4.5oo  colonies  of  pneu- 
Moderately ~vere infection involving file left 
lower lobe,  Delayed resolution, 
A v~y sev~e inf~tlon complicated  by second- 
ary  syphilis,  The local  inferior  in tlie  lungs 
spend  progre~i~ly,  involving first  the ~llt 
lower  lobe.  then  the left lower,  and  lastly 
the left upper.  On the eleventh day of the 
di~  plates  yielded  2,5oo  coloni~  of 
p~umoco~ns  per c,e,  of  bi~d,  Organism 
i~Iated  from  blood  was  Pneu~ecus 
Severe  infection  involving left upp~ and lower 
lobes.  The  temperature  fe~  by  lysis  and 
empyema  developed.  Glu~  ag~  plates 
showed  i ~  eolonles of pneum~eus  per c.c. 
of  blood  on  the  third  day  of  di~,  6o 
~ioni~  on  the fifth  day,  ~il  le~  than  I 
colony  on  the  sixth day.  On  the  seventh 
day  a  bouillon flask was negative.  On the 
t~lfth  day  thor~ntesis  yidded  purulent 
fluid  containing  racy  en~psulated  pneu- 
moe~eL 
Very severe  inf~tion involving first the right 
lower  lobe,  spreading  to  right mlddae  and 
i  upper lobes on the seventh  day of the disuse, 
and  to  the  left  lo~r  on  tile  eighck  day. 
i  On the seventh day plates showed 4 colonies 
of  pneumococeus  per  c.c. of  bl~d,  and  on 
the ninth day 2I colonic. 
A ~v~e infection  involving  first the right upper 
and  middIe  lobes,  extending on  the  ninth 
day to the right lower  lobe.  Plates on the 
eighth day of the  di~a~  yielded less  than 
Z colony of  pneumococcus  per c.c. of  blood. 
Convale~en~ uncompli~ted. 
A v~y severe inf~tlon involving  the right lower 
and  middle  lob~.  Plat~  on  the  seventh 
day of  the di~  sh~ed  3,000  coioni~ of 
pneum~eus  per  c,c.  of  blood.  At  the 
time  of  d~th  the  bI~d  contained  65,ooo 
pneumo~i  per c.c. A.  R.  Dochez.  683 
XXXIV was sixty colonies per cubic centimeter on the fifth day of 
the disease.  On the sixth day the count had dropped  to less  than 
one colony per cubic centimeter, and on the seventh day, the day of 
lysis, the culture was negative.  The organism isolated in this case 
was highly virulent and the course of the disease was complicated by 
empyema.  In  case  XXXVI  the  maximum count per  cubic centi- 
meter of blood was less than one colony on the eighth day of the 
disease.  On the tenth day, the day of lysis, the blood culture was 
negative.  Of  the fifteen recovered cases with  negative blood  cul- 
tures, the course of the disease was usually not very severe and there 
seemed to  be little  tendency for  the  disease  to  spread beyond the 
limits of the lobe of lung originally infected. 
The object of this study has been to emphasize the infectious side 
of  lobar  pneumonia.  The  two  most  striking  characteristics  of 
pneumococcus infection of the lung  are the tendency of the  local 
lesion to  spread and the tendency to  serious invasion of the blood 
by the bacteria.  The local process usually develops until  it  meets 
the  opposition  to  further extension afforded by  the  pleural  mem- 
brane.  The  opinion  is  quite  generally prevalent  among clinicians 
that  the extent of involvement of lung tissue  in pneumonia bears 
no  relation to  the  severity of the  disease.  In  support  of  this  as- 
sumption,  severe and rapidly  fatal cases are cited in  which simply 
one upper lobe is  involved, or in which the pneumonic process lies 
deep  within  a  lobe  and  is  difficult  to  recognize  clinically.  The 
cause of  death  is  ascribed to  failure  of the circulation  dependent 
upon  the  unusually  severe  intoxication attending  such  infections. 
Careful study of the blood in these instances would probably reveal 
a  septicemic condition sufficient to account  for the  fatal result,  re- 
gardless of the local disease in the lung.  Considerable doubt exists 
as  to  whether any previously  strong  individual  dies  from the  in- 
toxication arising from a  small area of pneumonic consolidation of 
the lung.  Certainly in this hospital  no instance of death occurred 
when the process was confined to a single lobe and where there was 
no  bacterial  invasion  of  the  blood.  Death  in  pneumonia  seems 
therefore to depend chiefly upon an extensive invasion of the blood 
by the organisms, or upon a  rapid and extensive spread of the local 
lesion in the lung. 684  Occurrence of Pneumococci in the  Circulating  Blood. 
VIRULENCE  FOR WHITE  MICE  OF PNEUMOCOCCI  ISOLATED  FROM  THE 
BLOOD  DURING  PNEUMONIA. 
Frequent attempts have been made to  correlate the  progress of 
lobar pneumonia with variations in the virulence of the pneumococ- 
cus during the course of the infection.  A  satisfactory assumption 
would  seem to  be  that  the  more virulen.t  the  pneumococcus con- 
cerned, the more severe the character of the disease.  Aside from 
the  fact that virulence must be  tested upon  a  different species  of 
animal,  the varying efficiency of the  resources of the host,  in the 
struggle for mastery between parasite and host, makes it impossible 
to predict the outcome of an infection from a knowledge of the vir- 
ulence alone.  Studies  in  the  variation  of virulence of  the  pneu- 
mococcus have been made largely upon  organisms obtained  from 
the sputum.  In general, the results  have been variable,  but  there 
seems to  be  no definite relationship between the  virulence of  the 
organism  as  tested  experimentally and  the  clinical  course  of  the 
disease,  nor can the critical termination of pneumonia be attributed 
to a  sudden loss  of virulence of the infecting pneumococcus.  2 
In the course of the bacteriological examination of the blood of 
patients described above,  the virulence of the first cultures for white 
mice was regularly determined.  No observations were made upon 
organisms obtained from the sputum because of the possible  influ- 
ence that the manipulations necessary for isolation may have upon 
the  character of the organism.  The custom has  been  to  use  the 
blood  culture after twenty-four hours'  growth,  a  period  that  has 
always permitted vigorous development.  Varying dilutions of this 
culture with meat bouillon were made and injected intraperitoneally 
into white mice.  The results are presented in table II. 
Of the eighteen strains of pneumococcus isolated from the blood, 
thirteen were of extremely high original virulence for mice, doses 
of o.ooooI of a cubic centimeter or less of a twenty-four hour broth 
culture killing mice in  less  than  thirty-six hours.  Twelve of  the 
individuals from whom highly virulent cultures were obtained died, 
and  one recovered, convalescence being complicated by empyema. 
Three strains  of medium virulence were obtained.  One  of  these 
failed to kill mice in doses of o.oI  of a  cubic centimeter, and two 
2 Luetscher, J. A., Your. Infect. Dis., 1911, ix, 287. A.  R. Dochez.  685 
TABLE  II. 
Number 
of 
case. 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
P. 
raucosus 
X 
XI 
XlI 
XllI 
XIV 
Number 
of 
record. 
423 
428 
438 
119 
453 
472 
480 
411 
484 
487 
525 
533 
535 
55I 
Day of 
disease. 
5th 
4th 
2d 
7th 
Autopsy 
5th 
6th 
7th 
7th 
3d 
4th 
6th 
6th 
2d 
Recover/or 
death. 
Died 
Died 
Died 
Recovered 
Died 
Died 
Died 
Recovered 
Died 
Died 
Died 
Died 
Died 
Recovered, 
empyema 
Virulence  of culture. 
o.ol c.c.  D. 20 hrs. 
o.ooz c.e.  D. 20 hrs. 
o.oooox c.c.D. 24 hrs. 
o.i c.c.  D. 4o hrs. 
o.ol c.c.  D.  3 dys. 
o.oool c.c.  D.  3 dys. 
o.oooooi c.c.D.  6 dys, 
o.oz c.c,  D. 20 hrs. 
o.ooox  c.c.  D.  20 hrs. 
o.oooooi c.c.D. 20 hrs. 
I.o c.c.  D. 36 hrs. 
o.5  c.c.  Survived. 
o.5  c.c.  D.  18 hrs. 
o.I  c.c.  D.  I8 hrs. 
o.oi  c.e.  Survived. 
o.oooi  c.c.  Survived. 
o.oi  c.c.  D.  2o hrs. 
o.oooi  c.c.  Survived. 
o.oo0oo1  c.c.D.  36 hrs. 
o.oi  e.c.  D.  2o hrs. 
o.ooox c.c.  D. 20 hrs. 
o.oooooi C.C.n.  22  hrs. 
2.0 c.c.  D. 14 hrs. 
o.I  c.c.  Survived. 
o.oz  c.c.  Survived. 
o.oI  c.c.  D.  Ir  hrs. 
o.oooi  c.c.  D.  17 hrs. 
o.oooooI  c.c.D.  21  hrs. 
o.oooI  c.c.  D.  20 hrs. 
o.oooox  c.c.  D. 21 hrs. 
0.000001  c.c.D.  24 hrs. 
o.oooi  c.c.  D.  18 hrs. 
o.oooo1  c.c.  D.  24 hrs. 
o.ooooot  c.c.D.  24 hrs. 
o,oooi  c.c.  D. 24 hrs. 
o.ooooI  c.c.  D.  18 hrs. 
0.000001  c,c.  D. 24 hrs. 
o.ooo~  c.c.  D, 28 hrs. 
o.ooooI  c.c.  D, 28 hrs. 
o.oooooi  c.c.D. 28 hrs. 
o.oooi  c.c.  D.  18 hrs. 
0.00001  c.c. D. 24 hrs. 
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TABLE  II  (Continued). 
Number [ 
of  ] 
case..] 
XV 
P. 
~'t'tucosus 
XVI 
XVII 
XVIII 
Number 
of 
record. 
544 
447 
606 
617 
Day of 
disease. 
IIth 
7th 
7th 
6th 
Recovery or 
death. 
Died 
Died 
Recovered 
Died 
Virulence of culture. 
o.oooi  c.c,  D. 36 hrs. 
o.oooox c.c.  D. 36 hrs. 
o.oooooI c.e.D. 36 hrs. 
o.oooi  e.c,  D.  22 hrs. 
0.00001  c.c.  D.  24 hrs. 
o.oooooI c.e.D.  24 hrs. 
o.i c.c.  D. 36 hrs. 
o.oi  c.c.  D.  3  dys. 
o.oooI c,e.  D.  4  dys. 
o.ooooI e.c.  D.  5  dys. 
o.oooooI c.c.D.  3  dys. 
o.ooox  c.c.  D.  24 hrs. 
o.ooooI c.c.  D,  24 hrs. 
o.oooooi  c.c.D.  24 hrs. 
killed animals in the higher dilutions only after considerable periods 
of time.  Two patients, from whom these organisms were obtained, 
died,  and  one  recovered  without complications.  Relatively  aviru- 
lent strains were isolated  from the blood in two cases,  and in both 
instances the individuals recovered without complications. 
The  number  of cases  is  entirely  too  few  to  permit  any  general 
deductions concerning the relation of the virulence of the pneumo- 
coccus to the course of the disease.  As  far as the indication goes, 
it would seem probable  that individuals  having  an avirulent organ- 
ism  in the blood  stand  a better chance  of  recovery  than  those  in 
whom  the  organism  is  of high  virulence.  That  the  latter  quality 
necessarily  indicates  a  fatal  issue  is  disproven  by  case  XIV,  i,n 
which the individual  recovered in spite of the presence of a consid- 
erable  number of highly virulent pneumococci  (sixty per cubic  cen- 
timeter  of  blood).  It  is  of  some  interest  that  most  of  the  or- 
ganisms  isolated possessed  a virulence comparable with that of the 
highly virulent laboratory strains.  If the organisms :obtained  from 
the  blood  represent  descendants  of  previous  inhabitants  of  the 
mouth, there can be  very little doubt that there has been a marked 
accession of virulence during the period of growth in the lungs and 
blood. A.  R.  Dochez.  687 
SUSCEPTIBILITY  OF  BLOOD  AND  SPUTUM  STRAINS  OF  PNEUMOCOCCUS 
TO  THE  ACTION  OF  UNIVALENT  ANTIPNEUMOCOCCUS  SERUM. 
Specific immune sera have been prepared by a  number of inves- 
tigators  and  have been used  for  the  study  of  experimental pnet~- 
mococcus infection in  animals;  and  also  in  the treatment of lobar 
pneumonia and other pneumococcus infections in man.  In animals 
it has been possible  to  prevent infection with pneumococcus when 
immune serum is given simultaneously with a  lethal dose of pneu- 
mococci,  and  also  to  inhibit  development  of  the  organism  when 
serum  is  given  within  three  or  four  hours  after  infection.  The 
effect of serum therapy upon lobar pneumonia in man has not been 
striking.  Some observers have noticed a beneficial action and think 
they have noticeably affected the course of the disease.  Study of 
the mortality statistics,  however, of  serum treated cases shows  no 
appreciable difference in the death rate of individuals so treated and 
those untreated.  With a better technique of serum administration, 
it  may be  possible to  develop more striking  effects, and  with  this 
end in view Neufeld  3 has urged the intravenous injection of large 
quantities of immune serum. 
In this hospital, during the past year, an antipneumococcus serum 
of high potency has been developed by  immunization of the horse 
with large doses of living virulent organisms.  The serum was pre- 
pared by imnmnizing an animal against a  single strain of pneumo- 
coccus, a typical organism of constant high virulence obtained from 
Professor Neufeld.  The protective action of this univalent serum 
was  tested  against  all  strains  of  pneumococcus  isolated  from 
patients in the hospital.  The organisms in most instances came from 
individuals  suffering  from lobar  pneumonia.  Pneumococci  4 have 
not as yet been divided into clearly defined biological groups, though 
it is.known that a serum derived from a  certain typical strain may 
fail  to  protect  animals  against  infection  with  other  strains  that 
are  morphologically and  culturally  characteristic.  The  following 
experiments were performed in  order to  determine the number of 
races of pneumococci against which a univalent serum would afford 
protection.  White  mice  were  used  for  experimental  infection. 
Neufeld,  F., and Hiindel, L., Berl.  klin.  Wch,nschr.,  I912, xlix, 68o. 
* Neufeld,  F., and Hiindel,  Ztschr. f.  Immunitiitsforsch.,  Orig.,  19o9, iii,  159. 688  Occurrence of Pneumococci in the  Circulating  Blood. 
TABLE  III. 
Virulence.  Serum protection. 
I  Number of 
organism. 
II 
III 
IV 
VII 
IX 
X 
S.E,I 
XIV 
XV 
XVI 
XVII 
XIX 
P. 
~U6OSUS 
Source. 
Lobar 
pneumonia 
blood 
Broncho- 
pneumonia 
sputum 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
sputum 
Lobar 
pneumonia 
sputum 
Lobar 
pneumoma 
blood 
Endocar- 
ditis 
blood 
Meningitis 
spinal 
fluid 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
sputum 
Lobar 
pneumonia 
blood 
Amount of 
culture. 
o.oooI C.C. 
o.o00oI C.C. 
O.OO0OOI C.C. 
o.ooooI c.c. 
O.00000I  e.c. 
o.oooi c.c. 
o.ooooI c.c. 
o.oooooI C.C. 
O.O0OI C.C. 
o.ooooI C.C. 
o.oooooI C.C. 
o.oooI C.C. 
o.ooooi C.C. 
o.ooo0oi e.e, 
o.oooI c.c. 
o.0oo01 c.c. 
o.oooooi C.C. 
o.oooi C.C. 
o.0oooi C.C. 
o.oooooI C.C. 
o.0oi C.C. 
o.o0001 C.C. 
0.o000o  I C.C. 
0.3  c.c. 
O.I c.e. 
o.oI C.C. 
O.O00I C.C. 
0.00001 C.C. 
O.O0000I C,C. 
O.O00I C.C. 
O.O000I C.C. 
0.000001 C.C. 
O.O00I C.C. 
O.O000I C.C. 
0,000001 C.C. 
0.0001 C.C. 
O.O000I C.C. 
0.000001 C,C, 
Amount of 
Result,  culture. 
D. 24" hrs.  o.oooi  c.c. 
D.  24  hrs.  o.ooooi  c.c. 
D.  24  hrs.  o,oooooi  c.c. 
D.  24  hrs. 
D. 24  hrs. 
D. 40  hrs. 
D. 48  hrs. 
D. 40  hrs. 
D.  I8  hrs. 
D.  z8  hrs. 
D. 24  hrs. 
DI 42  hrs. 
D. 42  hrs. 
D. 42  hrs. 
D. 30  hrs.[ 
D. 46  hrs. 
D. 49  hrs. 
D.  24  hrs. 
D, 24  hrs. 
D. 40  hrs. 
D,  22  hrs. 
D. 42  hrs. t 
D.  22  hrs. 
D.  2o  hrs. 
D. 24  hrs. 
Survived. 
D.  I8  hrs.] 
D.  18  hrs. 
D.  I8  hrs. 
D.  5 dys. 
D.  24  hrs. 
D. 36  hrs. 
D, 36  hrs. 
D. 36  hrs. 
D. 36  hrs. I 
D.  i8  hrs. 
D.  26  hrs. 
D. 36  hrs. 
0.  I C.C. 
O.OI C.C. 
0.0001 C.C. 
O.I C.C. 
O.OI C.C. 
0.001 C.C. 
O.O00I C.C. 
0.00001 C.C. 
0.000001 C.C. 
0,I C.C. 
0.01 C.C. 
0.001 C,C. 
0.001 C.C. 
O.O001 C.C. 
O.O000I C.C. 
O.I C.C. 
O.OI C.C. 
0.001 C.C. 
0.0I  C,C. 
0.00I  C.C. 
O.00OI  C.C. 
0.3  C.C. 
0.I  C.C. 
0.01 C,C. 
o.oooi  c.c. 
o.ooooi  C.C. 
o.oooooi  c.c. 
0.0Or  c.e. 
O.000I  e.c. 
o.ooooi  c.c. 
o.oooooi  c.c. 
0.O00I  C.C. 
0.0000I  C.C. 
0.OOOOOI C.C. 
0oO00I  C.C. 
O.OOOOI C,C. 
0.OOOOOI C.C. 
Amount of 
serum.  Result. 
0.2  C.C.  D.  I8  hrs. 
0.2  c.e.  D. 24  hrs. 
0.2  c.c.  Survived. 
0.2  c.c.  D.  24  hrs. 
0.2  c.c.  D.  24  hrs. 
o.2  c.c.  Survived. 
0.2  c.c.  Survived. 
o.2  c.e.  Survived. 
0.2  e.c.  Survived. 
o.2  c.c.  D.  18  hrs. 
0.2  c.c.  D.  24  hrs. 
o.2  c.c.  D.  24  hrs. 
o.2  c.c.  Survived. 
0.2  c.c.  Survived. 
0.2  c.c.  Survived. 
o.2  c.c.  Survived. 
o.2  c.c.  Survived. 
0.2  c.c.  Survived. 
o.2  c.c.  Survived. 
0.2  c.c.  Survived. 
0.2  c.c.  Survived. 
o.2  c.c.  D.  I8  hrs. 
o.2  c.c.  D.  I8  hrs. 
0.2  c.c.  D.  22  hrs. 
0.2  c.c.  D.  20  hrs. 
o.2  c.e.  D.  20  hrs. 
0.2  c.c.  Survived. 
0.2  c.c.  D.  z8  hrs. 
0.2  c.c.  D.  I8  hrs. 
o.2  c.c.  D.  18  hrs. 
0.2  c.c.  D.  z8  hrs. 
0.2  c.c.  D.  -4dys- 
o.2  c.c.  D.  5 dys. 
o.2  c.c.  Survived. 
0.2  c.c.  D. 36  hrs. 
0.2  c,c.  D. 36  hrs. 
0.2  c.c.  D.  36  hrs. 
0.2  e.c.  D.  i8  hrs. 
0.2  e.c.  D.  27  hrs. 
0.2  c.c.  D. 27  hrs. A.  R. Dochez.  689 
TABLE  III  (Continued). 
Number of 
organism. 
XX 
XXI 
XXII 
XXIII 
XXIV 
XXV 
Source. 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
sputum 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
blood 
Vii 
Amount o 
culture. 
0.0001 C.C 
0.00001 C 
0.000001 
O.O00I  C.( 
O.O000I  C 
O.O0000I 
O.O00I C.( 
0.00001 C 
O.O0000I 
0.0001 C.( 
O.O000I  C 
O.O0000I 
O.O00I C.( 
O.O0001 C 
O.O0000I 
O.O00I C.( 
O.O0001 C 
O.O0000I 
XXVI 
P. 
mu6osus 
XXVII 
XXVIII 
XXIX 
Lobar 
pneumonia 
lung 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
blood 
Lobar 
pneumonia 
blood 
O.000I  C.C.  D.  26  hrs. 
o.ooooI  c.c.D.  24  hrs. 
o.oooooi  c.c.D.  36  hrs. 
o.ooox  e.e.  D. 22  hrs. 
o.ooooI  c.c.D.  24  hrs. 
o.oooooi  c.e.D.  24  hrs. 
o.oooi  c.c.  D.  4  dys. 
o.ooooi  c.c.D.  5 dys. 
o.oooooi  c.c.D.  3  dys. 
o.oooi  c.c.  D. 24  hrs. 
o.ooooi  c.c.D.  24  hrs. 
o.oooooi  c.c.D.  24  hrs. 
Serum protection. 
Amount of 
cuhure. 
O.O00I C.C. 
O.O000I C.C. 
0.000001 C.C, 
0.0001 C.C. 
O.O0001 C.C. 
0.000001 C.C. 
0,0001 C.C. 
O,O0001 C.C. 
0.000001 C.C. 
O,O00I C.C. 
0.00001 C.C. 
0.000001 C.C. 
0.001 C.C. 
0.0001 C.C. 
O.O0001 C.C. 
0.000001 C.C. 
O.I C.C. 
O.OI C.C. 
O.OOI C.C. 
0.0001 C.C. 
O.O000I C.C. 
O.000I  c.e. 
o.ooooI  c.c. 
0.oooo0I  C.C. 
0.  I C.C. 
O.OI C.C. 
O.OOI C.C. 
O.O00I C.C. 
O. IC.C. 
0.01C.C. 
0.001C,C. 
0.0001C.C. 
0,0001  C.C. 
0.00001  C.C. 
0.000001  C.C. 
~.mount o 
serum. 
0.2 C.C. 
0.2 C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  e.e. 
0.2 C.C. 
0,2c.c. 
0.2c.c. 
0.2c.c. 
0.2  c.c. 
0.2  c.c. 
0.2  C.C, 
0.2  C.C. 
0.2  c.e. 
0.2  C.C. 
0.2  c.c. 
0.2  C.C. 
0,2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
Result. 
D. 20  hrs. 
D.  20  hrs. 
D.  20  hrs. 
D,  3  dys. 
D.  3  dys. 
D.  3  dys. 
D,  x8  hrs. 
D.  24  hrs. 
D.  18  hrs. 
D.  i8  hrs. 
D.  24  hrs. 
D. 24  hrs. 
D.  x8  hrs. 
Survived. 
Survived. 
Survived. 
'D.  18  hrs. 
D.  3  dys. 
Suryived. 
Survived. 
Survived. 
ID. 26  hrs. 
D  36  hrs 
D. 36  hrs. 
D.  18  hrs. 
Survived. 
Survived. 
Survived. 
D.  3  dys. 
Survived. 
Survived. 
Survived. 
D.  I8  hrs. 
n.  24  hrs. 
D.  24  hrs. 
Wherever  the  original  virulence  of  the  pneumococcus  was  low,  it 
was  raised  by  successive  animal  passages  until  a  high  degree  of 
virulence  was  reached.  Twenty-four  hour  broth  cultures  made 
from the heart's blood of passage  animals  were used  for infection. 
The protective dose of serum and given quantities of diluted culture 690  Occurrence of Pneumococci in  the  Circulating  Blood. 
were  injected  simultaneously  into  the  peritoneal  cavity.  Protec- 
tion was deemed complete when animals survived inoculation longer 
than  five days  (table  III). 
A  univalent serum developed by immunization against  pneumo- 
coccus  N-I  was  tested  for protection against  twenty-three strains 
of pneumococcus.  Of these organisms two belonged to the group 
that  is  commonly  designated  as  Pneumococcus  or  Streptococcus 
mucosus;  one was  an organism isolated  from the spinal  fluid that 
had certain characteristics belonging to the pneumococcus, and other 
features that suggested a  relationship to streptococcus; and another 
organism was  one obtained  from the blood  in  a  case of infectious 
endocarditis.  The latter  on  isolation  resembled streptococcus, but 
after several passages through animals, acquired many of the char- 
acters of pneumococcus.  The  remaining nineteen strains were all 
typical  pneumococci obtained  either  from the blood  or  sputum  of 
patients  with pneumonia.  Out  of  fourteen strains  of unquestion- 
able  pneumococci obtained  by  blood  culture,  the  univalent  serum 
gave  some degree of  protection  against  eight,  about  57  per  cent. 
Of five sputum strains, four were susceptible to the protective action 
of the serum.  Of the total number of twenty-three strains against 
which the serum was tested, including two strains of Pneumococc,ts 
mucosus and two organisms of doubtful identity, it was proved that 
protective antibodies were present in twelve instances, slightly more 
than 5  °  per cent.  The amount of protection afforded by the serum 
against these strains varied  from a  grade practically equal to  that 
found when pneumococcus N-I was used for infection to protection 
against a single lethal dose, or in one instance to simple prolongation 
of the period of life of the infected animals.  In eight instances the 
serum protected against I,ooo or more lethal doses, and in four the 
protection  was  of  a  lower  grade.  An  antipneumococcus  serum, 
derived by immunization of animals with a certain single type strain 
of  pneumococcus,  therefore  protects  against  a  considerable  pro- 
portion of the races ordinarily met with in lobar pneumonia. 
If such a univalent serum is used therapeutically in human pneu- 
monia, one knows beforehand that one half or more of the individ- 
uals treated must derive no benefit from its use, because of the prob- 
able insusceptibility of many of the infecting organisms to the pro- A.  R. Dochez.  691 
tective action of the serum.  It is not unlikely that if a multiplicity 
of  strains  are  used  indiscriminately in  the  preparation  of  an  im- 
mune serum, the degree of immunity to any single strain would be 
proportionately low.  In view  of  this  supposition,  further  studies 
of the biological relationship  of different strains  of pneumococcus 
are being made in order to determine the widest range of protection 
that can be  obtained by the use  of  a  minimal  number of  distinct 
races.  Should it be found that a reasonablysmall number of strains 
would yield protective bodies for a large percentage of the varieties 
of pneumococcus ordinarily met with,  it might be possible  to  im- 
munize single animals to  individual strains  and in  this  way obtain 
sera of the highest protective value  for suitable  cases.  In human 
beings a  fairly rapid test of the susceptibility of the organism con- 
cerned could be made, and in this way a  serum could be selected for 
treatment which would give the greatest probability of success. 
SUMMARY, 
Studies  of  the bacteriology of  the  blood  were made  in  thirty- 
seven cases of lobar  pneumonia.  The  pneumococcus was  isolated 
from the blood in approximately 50 per cent. of ,the cases studied. 
The  course  of  infection in  individuals  with  pneumococcus in  the 
blood was more severe than in those in which no organism could be 
cultivated from the blood.  77  per cent.  of the patients with posi- 
tive  blood  cultures  died,  and  79  per  cent.  of  patients  with  neg- 
ative blood  cultures  recovered.  In  fatal  instances  of  pneumonia, 
where the  pneumococcus was  found  in  the blood,  the  number  of 
organisms per cubic centimeter of blood  was  very high in the last 
stage  of the disease.  In  individuals  dying of pneumonia without 
blood infection, the disease was characterized by a  rapid spread of 
the local process in the lungs.  It is not unlikely that the symptoms 
of collapse, developing on the fifth or sixth day of lobar pneumonia, 
are  often  the  expression  of  serious  invasion  of  the  blood  by  the 
pncumococcus.  In other instances, they mark an e×tension of the 
local process in the lungs. 
Strains of pncumococcus isolated from the blood of patients with 
lobar pneumonia were usually of high animal virulence.  In a  few 
instances where the organism isolated  from the blood  was  of low 
virulence for animals,  the patients  recovered. 692  Occurrence of Pneumococci in the Circulating  Blood. 
The protective power of a univalent antipneumococcus serum was 
tested against nineteen strains of typical pneumococcus and against 
four  strains  of  closely allied  organisms.  The  serum  manifested 
some degree of protection against twelve out of nineteen strains of 
typical pneumococci.  No protection was observed against the atyp- 
ical organisms.  In eight instances the degree of protection obtained 
was high, in three low, and in one there occurred orfly a prolonga- 
tion of the period of life of the inoculated animal. 